Searching PAJ. 



1/2 ^— V 



PATENT ABSTRACTS OF JAPAN 

(1 1 )Publication number : 1 0-1 2621 2 

(43)Date of publication of application : 15.05.1998 



(51)IntCI. 



(21 Application number : 09-179937 
(22)Date of filing : 04.07.1 997 



H03H 9/64 
H03H 9/145 



(71 Applicant : FUJITSU LTD 

(72)Inventor : SATO YOSHIO 
IGATA OSAMU 
MIYASHITA TSUTOMU 
MATSUDA TAKASHI 
TAKAMATSU MfTSUO 



(30)Priority 

Priority number : 03281694 Priority date : 28.10.1991 Priority country : JP 



(54) SURFACE ACOUSTIC WAVE RLTER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the suppression 
of out of pass-band and to expand the pass band width. 
SOLUTION: The ladder-type surface acoustic wave filter 

is formed by providing 1st one-terminal-pair surface 2ft£ 
acoustic wave resonators, each having a prescribed 

resonance frequency (frp) and an anti-resonance ^ ^fm ~ 

frequency (fap) higher than the frequency (frp) on ^ fl h r 'I'H 1^^ ^ - 

parallel arms and providing 2nd one-terminal-pair % !'H;! 



surface acoustic wave resonators, each having a , . ^ . . . 

prescribed resonance frequency (frs) and an anti- ^^.r^^^g .-^ i} ll v rJ'fc;^ .. 

resonance frequency (fas) higher than the frequency I ] t V s^jps«*v.* 

(frs) on series arms on a piezoelectric substrate. In this :* > — — ; fyr 

case, the 1st resonators Rp1-Rp3 and the 2nd Crs^fq^ 

resonators Rs1, Rs2 are configured so that the ifn^|g^^H/te 

resonance frequency (frs) of the 2nd resonators is 

higher than the anti-resonance frequency (fap) of the 

1 st resonators and ? = {resonance frequency (frs)- 

anti-resonance frequency (fap)} is selected to allow a 

ripple and an insertion loss. 
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(54) mw<o%m im*mwLy<(*'* 



(57) [£»] («F3E*) 

0r^<o*S^^m (fr P ) 4 «fc 9 *v*R# 

mmmmi (fa P ) t zm-tzm, i o— *?*r#ttft9#& 

S&&M?iJB8{cEU 9t^»#SJ1KSc (frs) £ J: "9 SS^ 
RftSJSSP: (fas)Sr*ri-s*2©-iB ; f-»5M±*iitt 

<om&3m&7 4 frt^&^x, f&i©#ig3§ (Rpi 

~R p 3 ) RTim2(D&M%s (Rsi, Rs 2 ) I:, $ 
2©*lB»©*fi«K* (frs) Il<o*g^R* 
ig^&life (fa P )J;'9 fc*<, lo {#igjte&ifc (frs)- 
S*S^S^C (fap)} sAfii, y S'7°/i-S.U t tfAa^ 



* ie w © ® is * m a* ? -r j i 5 © m 1 1 mm m © n % e 

240 

frs 




frs>fap 
frs-fop=i9MH2 



iw#bi] mfe<D&mm$i&i (fr P )t, 
a r> M^BL&mmmk ' (fa P ) * ^tt^i 1 <b-«ihf-*i- 

ffi£0>*aMttft (frs)fc, (frs)i» 
Sit (y) tX*fe*<9. ffiR#SA8EftJ:Qnv^S#fi 

MIEm 1 (Rpi -Rp 3 ) 

^I> + HtTl2^ 2 H?#tt«Stt#IK» (Rsi , Rs 
2 ) 2 0— «^*tttt#S«<0#««ttft (fr 

s) 1 »tt«ffi«#fi»«>R*JR« 

(fa P )£«9 tJS<, lo {K*l<o-**#tt«Mjft7 
-f/l^<D*fi«R» (frs)-Rf&2 0-«^»tt«ffi« 
7 4/i'*<DE.&mm&& (fap)l = Aftf$, yy^/V* 

[»*«2i M«q( i <Dm&mmwi±<Dmm 2 * 20 

BMBA f SrfiEfrs T'^^b/cfigA f /f rs ^ x 

mi] 

a= \/ ( VP (7 B +r) /O.OB -r) 30 

J: t> /h* v ^ t Srffl* fc i" 5 #t£i£® ft 7 /u* . 
[»*a3] HMt39[2 0WEECaHS^ 3 6° Y#y 
h Xe^co LiTaOa (241) T?fc 9 . 

Sr. HufE^MA f /frstf*. 0 J: 9 < aofta-CJE 

[|&2] 

a =6. 67X10-V(4. 2 2 /F- 1 ) 

5illt*B87-f;^ c 40 
[ff*«4] »*«2<Z>SEflE*SS^ N 6 4° Y#:y 
hXgi^L i NbOs gfaffe 1 ?, 

BUHScOflA f /frsjftS. 0 J: 9 < J.O&*-C3fe 

ms] 

a= 1. 47xlO-V(4. 3 7 /F- 1 ) 
[»**5l 8»*«2*>flEJE*»R#. 4 1° Y^7^ 50 



»Bfl¥l 0-126212 

2 

hXfiSgCOL i NbOs 

Sr. BMEOffiA f /frsri*. 0«tf9*#<B.o»cS:-CS 
[f&4] 

a= 2. 2 7 3 x 1 0" l /(4. 5 2 /F-l) 
J: 9 /h* < ft* cfc 5 fc*«>fc*j*£ Lfc:: ^Wt^ 
[M«4[6] Bf^OfttRMjftft (frp)Sr*i-<5*l© 

JKl (frs)Srfco^2<D-ig^#tt*ffitt 

B[3WIH*«»«>>f vtr— ^^<tO/hSv> (B5 2) * 

7 ] jfftgoJHSAftft (frp) ^tt^f l o 
— «^*t3»tt*BS«*JR««rafe?UBafc. ttSS 1 

*v\fc«flaft« (frs)«rtoJB2<o-«H c -##tt«ffi* 

9B^#SS«r«ftflKSR^«Kft b T ft * S^oJHB! 

*oat5W*W»OTK5^^J:D/hSv^ (15 2) 

matt {.tczk&¥f®Lk-fz>w&mm&7<<si'* 0 
im^ms] mfen&mm&m (fr P )^wi-5mi^> 

o>K*fi»8S (fap)tcB&-ai-5^b<^CttJ: , 9 
nVN^fiJHttft Cfrs)*:1>oJB2«>— *^j*J|ltt*B5* 
*fi«Sril[^JBH^SEJRL. m&lfe«IR<0*««i:il[M 

*S«<^T K^^^iO/hSv^ (1352) 

»&t5w*t«t9»oii[w«e*«»i. mm<D^^ 



3 

*MtciT'{>>}i*'-y>xZmirZ> (05 2) Mirlf; 

itmm i o i m&m 7 s <Dtmftm<D&nm& 

ifctTK^^SrttS (H5 2) L*:^ £ 

1 1 1 Bfft©5*WI*» (frp) Sr^prSfS 1 

o-»^»»tt«ffi«#«»s:afe5ijBa^. igfg 1 ©*« 

»9ffi^#®H«» (frs)fcto*2(D-«H t »S|itt*ffi 

* t> ifi v *^R© W##*»c^JRt«jS £ *u 
^7K^v^J:!3/h$v> (me 3) MHt:^ 

im&m 1 2 1 1 1 <z>pio*^ffla©ft?uR#jg» 

(me 3) M<hU^^r«^«#MljS7>f 

1 3 ] Bf3£o*JBH«* (frp) «r*rf SSS 1 

*<£>R#fiH&» (fap)(cm&-a-r-5^U<«J:«9^: 
(frs)*rtoJB2 0-fliHP»»tt«ffi« 
#*»*«WRfcSMSEU cnfcaWJR<&#«»i:itjy 30 

p^fcr-*V*J;0/hi*^ (i6 4) p/&<hbfcr£ 

i 4 ] t»*3S i 3 (om*^fii(Oig:^JBB^fi« 

^9 VM< <bt)-^^«^W>t-^^ 40 
(06 4) »«£Lfcw*«r#«£i-a#tt=*ffi 
[iMl5] IS*^6, 8, 9, 13X1*1 4 <^)» 
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(HI 5 3) ««fcUfcCi:SrW«i:-r*?»tt*ffi«[7>f 
[IS*^16] «*S6, 8, 9, 13XI114©# 

1 7 ] 7 , 8, 10, 11 XJ4 12© 

*^«<&3f#iJR#fi«<0HI p « £ »» SK«m<DVt* 
*£©«T*«ffft* J: 0 rt«a>afejij 

5 3) Lfe^fc*:«p«4:i-*»tt«ffijfE7-</W 

[11*918] IS*3S7, 8, 10, UXI±12© 

fl^tt0af£iJR#««£in t>o#«»tr* 
gLfc (B6 3) *ja*Lfcr**#*£^S»^a?|l 

1 9 ] Bf£®#wittJK (frp) zm-rzm 1 

©-«»*Wtt«aB**lK««rlt»IBI^, iSm l 
*oK*««j8» (fap)^«r-«i-6**b<ttJ:9* 
(frs)*rto»2©-*F#»tt«aD* 

©mmsgt5> (rs) siio-g^fMss* 

tR»*r»fi8i-S#S««o««»ei» (rp) J:5fc/h* 

[«*3« 2 o ] m&m i 9 2 <D-i&*ttw&m 
m&&m&&mf&^zffiBmm<on%i&i7ift (rs) 

©mmSfei5> (rp) «J:0fc/h$<i-S^®«c. ft»2<& 
(is) t5n SI 1 ©-S^ »#ttSISt^^i^t 

z>ffimmm<DMnM (i P ) i:«9^^<b, a>o, ^2 

(Ns) 1 «>-MHF-tf*tt«BBtt*«««:«A-4- 

(Np) £<9h&< L/C (B6 6) 



5 

2 1 1 1 9 (omm 2 (d-^mw^ 

ffi«E#««SrJg^i-5«««8iomS[fitn:5> (rs) 
0>«WfiSi#tf> (r P ) J: 9 BE#l 

i:4KZ)IWJ:9t»< 

[ff*«2 2] E«SK&« 
BEEV&K 5 y >5r- *J t . 
Bffi«*tE±I^K»te>ix. gfS^OK^WttSr*-*- 

[0001] 

* • »»«tSOtt«0 1 #J{3\ 9 3 3. 5MHzW 
<hLT, ±8. 5MHz<D«H*SiS«*«"e*>So Jt# 

7)51. 5 — 2 dBKTittV^i, <3>«JJE&#2 0 dB 
~3 0 d BJEJLh£?Kv^ i^Si: £*i5 0 

[0 0 0 3] 

[^Sf] 17 011 5 2- 1 9044f{; 

i- 0 :^7^^iit E?»jBB2(c#tt*ffi&*ig«3 

£ISgU afe^JB54tcSH4«ffiiBt*fiS5S:E«L, E. 

*^i§ 3 (Dmmmm&Co A x vxt l a c 

[0 0 0 4] ~<D?4Jl>* 113. ®7 1 1^116 T^-T1# 
[0 0 0 5] 



(4) 10-126212 

6 

v^T, *3«i-6J:p^*«afc^J**CoBfi:*i:t"Sfc, 

ft »K ao^9T^i-J:5^»^it 
X. ^ttlilftl 0t^t$0< ICftoTL* 9o 
[0 0 0 6] %V1£&&2 0 d BJ£A±<h L«fc 5 
iiifl«F«ffifilt#««tc: It 1 %aTi4otLSv\ 
±BB^ g »**#«B^ffc«*«fc-t-r 4: sftS-C* ft < ft 

[0 0 0 7] 

tt, 3f^O#SJB»« (frp)i* r (frp) 
( v ) ^T^^ «TlB*«H«*J:0a5v^ 
AfiMtttt (fap) £ 1 <fc-«^*Wte*ffi* 

&mm$i%k (frs)tmmtt ( v ) t-e«*f9. mie^s 

JHttftJ:9iCv^#rSJHIBEft (fas)£^-r<5fg2 0-*£ 

1 <0-«^?Mt«ffiSE*JB« (Rpi-Rps) a WW 
IE* 2 <0-4S^9W4*ffia6#tB« (R s i , Rs 2 ) 
SS2<o-CTttR#Bo^M (frs) 

(fa P )<fc«9 t>ii5<> Io {BE*lo-*^9Mt«W«7 
-f/W* (frs)-BE*2(D-«^#tt*ffi»[ 
7^;^©g*fiBSS (fap)} sAf*S. yy^S 

[00 0 8] ft*3S 2 fc:B«<0*Wf*, W*« l (OBeffi 
«S«±©BE*2<D-«^#tt*ffi«*fi»Sr. 

»««*sBf«©jii)Bi«r*-rs**4:b. mm^mm 

«TE!K2 0-«^»#tt*ffia6*«#S:«*-t-S* 
*««<OHP*t#*-r«fc«S*tS»«»**rC s s ft* 
IS* 1 ^»#tt*ffitt*«»<orafllft»«»*«: 
CplrU rtif>OCp/Cs^P<i:t5<!:t, B91EA 
f Sr^frs -CatMkbfc«[A f/frs ^ 0J:«9^# 
<. d^oMfSS: (l 7) -e»*S«oJ:9/hSv^ 

[0 0 0 9] »#*3fcK*«MS9ltt % ft*^2(D^/£ 
ISfi^, 3 6° Y*yhXfi»^LiTa0 3 

(241) "C^> f5 v K^mm 2 <z>— «S^5W4*ffii!6*fi 
»lti^I^, mffB^filA f/frs o £V± 
t<logit5S (18) -e«*6«ia ct9/h$<ft 

[ooio] M*«4^ia«oigMtt. mjk^2comm 

«Sfi^, 6 4° Y*yhX6«©LiNb0 3 gfit 
50 ^>»9. jaoBt!S2 0-«^»tt*ffitt*«»»«««0 



7 

mm*. mriS^fltA f /frs t>K o J;9*#<.&o«i6 
-tZX, (19) ^**{IaJ;9/h$<ft5J:5KiJ£«> 

[0 0 11] l»#55U:|E«0>3&9lli, lt*3l2cD^EE 
«S«tf s * 4 1° Y^yhXg^LiNbOa ?g H B 0T* 
*> 9 > J.o»# 2 <0-«?»^Sift#^««^««0 
flJW«:. dttE©*A f/frs*. 0 J: S.o«Hfi 
i-S* (20) "C3e*5«aJ;-9/hS<ftSJ:5l^3e» 

[0 0 12] Hr#xi ftVNU5^1E*0*W^«tixtf. 
ft<. a*©t>oJcJt^raia»*«4:*t*:"t-«r:i:* 

■C%5o i"ft*>*>* fap <frs tU L^tfrs ~fap 

[0 0 13] »**6|;ie«o»Wfc:J:fttf. gr5£tf>* 
fKMttft (frp) *m~tZ>& l *f-#JW±«K**« 
•firtt9UKlK:. KSU *>#S*oR#»««* (fap)ic 
I^JH-S**U<tt^*tJ:OilSV^*tW*» (frs)£ 

*©i»JIB#a»o>fvtr— ^^J:9/h*v^ (El 5 
2) i«^Lfcrt«:«t^t5#tt*B87^^T 

[0 0 14] »*«7^8B«(0*Wttv BrJ6G>#WB« 

ft (frp) z^-tzm 1 ©-«*»#tt*B«#w*afc 

J"«K1. »IBl<0*fi»(DR*«H«» (fap)fclfc-ft 
i"636«U<ttC*tJ:9KV^*«»«* (frs)£t>ofg 

atMR*«*©T KS*v*J: (0 5 2) flirt 

[0 0 15] S»#*8fc«tftf>»Wtt* BfCOMKMIR 

ft (frp) zm-tzm 1 o-«^F»9iitt*ffi»*a»s:at 

50BB^ % ttftlO#fi«<0K#£jQ&ft (fap)iCBS-ft 
i-SA»*L<ttrixJ:9a5v^*«H*ft (frs)£<bofg 

&^jn^#a»^ii[nBB^«asfr«ftfl8m^sft 
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«<BT K5*v*J;9/Jn<*^ (B5 2) S^^LfcCk 
[0 0 16] »*«9lCffi*^*^tt. f»*«6Xr±8 

a (H5 2) mf&t^tczt*mmt^zw&mm&i7 

*a«tt. «*07K^^#«t©7K5^ 
^1/2 -?fc5 §MR*:«fc-r 7 K $ * V* Sr^ri- 3 
(05 2) «fig;k Lfcr^$r#1S<J:i-5#tt*®iS^^ 

[0017] 1 1 mi£<o&Mm 

20 jg* (frp)*^5SBlO-4JS^#5|ltt*ffi»*«»S:- 
afeyUBSId. »»l©*«SOR*fiJI8ll[ (fap)tdB&- 
Srt-5A«U<ttr.nJ:0i«V^*SJa«* (frs)Srfco 

^LT/«ca«6^®(D#tt*©iffi7^/u^tc*3^T, A^J 

oifejijB5*«»o 5 ^o/>ft < t h-xnmmi&m 

30 ^^^J:9/hSv^ (06 3) W^fit UfcrkSr»fti:i- 
[0018] ft sftqi 1 2 KlEttOXHtt. ft 1 l (7) 

*#^iO^-C*>5 (0 6 3) *^kbfcCk^#« 
gfS<0#aHRft (frp)*fi-rslBl^-fig^ 

40 m$i& (frs)S:t>oJB2 0-»^»#tt*ffi«*«8* 

•<:«ftCIIH«c«K Lt ft S»^S»tt«BB«7 >f ^ 
^{vi^v>r. A*flj^b^"C*tacv^*^MB!lBBX^ m 

*fiSW>T Vfc 0 -^^^^ (0 6 4) Sfig^L 

fc r t «:«rft t -f * ^ w /w^ T*fe 5 0 

[0019] 1 4 ^fiEtt^*Wtt. 1 3 CD 

50 ^Miirol^fiSw 9 ^>->ft < k h-Ji<nmm 



9 

(D-oif-y^xcD^ftx+frz me 4) m&t ufcr 

i£ffitt<o*W«:. 8»*E6, 8, 9, 13X(il40# 

p m t t m&wncommm t 

9 fc*#<Jfc«>fc (05 3) SlfifctL*: 

[00 2 0] 1 6 KfMM^BWtt, ffi&m 6 . 

8, 9, 1 4Cr>#tt*®jK7W/^^(^V^T. 

[0 0 2 1] 1 7 td|Btt«0«Mtt. 7 , 

8, 10, 1 IXfil 2^fi4MS7^;^l3V^ 

R«*i<o8l"ei3:l*** **l J: 9 rtffido 
(B5 3) i«4Lfc^i:«r1WtttS*tt«iS*7-f 
[0 0 2 2] 1 8 |ClB«W>#9!f±* HfcftK 7 , 

8, io, i i xii i 2 0#tt^ffiiS:7-f /i^lcis^ 
fciEBLfc (116 3) SlrilfcLfcifctrlMlfc-faW^ 

[0023] a*si 9(cfE«o^0^ti, mm<n&mm 

afeJMBKl* R» 1 <D*g«0>R*fi««fc» (fap){CB&- 

8M-5a**L<W:J:0**ft*lMI«* (frs)£t>oSg 

(aift«M»Mt5WW«)tftfitt:« (rs) 
^ SI l o-S^#tt$sa*g^SrMt 5ii 
tS^)i^gfi:5) (rp) <fc "9 t>/h*Hft*£ L^c^<!r ^ 

[0 0 2 4] ff*3S 2 0 Klia*<E>*Wfi. 1 9 <D 

r* 2 <o-i&*Mw&mm&&M&&m&+zmmmm 

^)IISfi:» (rs) BEfB l o-*^#J|H4*aStt* 
«««r«*i--5»a««<0«««gi» (rp) <fc 9 t>/J^ 



(6) 4#§fl¥l 0- 1 2 6 2 1 2 
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tSWiS^llPl (is) 2*, 0EfR l MHFStSW* 
*ffi28t*fi»S:«*"rs«?g«ffi<OBSPS (lp) ± 9 

&-tZ>ffiJ&m,m<nM$k (Ns) # % »e* i 

*ffift*«*S:#riii-S»»«««>Jt* (N P ) 

< ufc (me e) «*-c*>5wt*ri«»i:i-a*ffitt7 

[0 0 2 5] ft*:^2 1 fcfE«fctf>3gWte % »jfcjg 1 9 <D 

^m^ffifct^ (rs) tt* 1 «W-»SM4«ffitt* 
iR»S:«fiRi"a«a!««<o*»»tt^<D (rp) J;H/h 

[0026] w*«2 2jcia*©*wtt % mmmmt. 

[0027] r^*^{c:J:tt^ »iBttttH**j£;<* ii 
flttTf*>5it«:»«t"*'SW*9[2 2fStc^#ti^® 

30 ^ >xm^-frtf^j >?v<<*?\c& >9«^$n 

[0 0 2 8] 

R9H-5o B l li*»^o»ttSffiiS7>f /i/^ 2 0©B 
3S«*Sr^i-. 2 l liJB l o-*^#tt*ffia6*«»-e 
gf^#fia«t»f r„S:#U, ttDK2 2HEL 

m i <o*s» 2 i <D&#mm8&k f rpicK-at^^s 

[0 0 2 9] -^#*tt*ffi»[*«»S:il[^JBBi:lfcW 
50 ^lf, 1 9 74¥ltf) icSL<^^Tl^ 0 



(7) 



4#§B¥l 0-126212 
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[0 0 3 0] KTmSrSJ-UTJHaSr^So 

o, 3 i-efe5o 3\ ^o^^bofc^, #t£«®& 

ttJt«o*JH»3l©TK$*>^«rY= j bits. 
[0 0 3 1] ^^-^7^ -Affile Jittff, A^ftiJ^ 

tanh (r) = tanh (a+ j jS) 
= V (BxU) x (AxD) 



(H2#I) 
[0 0 3 2] 
[^5] 
exp ( 7 ) = JTI 



» (1) 



[0 0 3 3] r^iStiM^-^ly (H3INK) 

[0 0 3 4] 
[»6] 



(2) 



[0 0 3 5] OjfcKfc^T. roS-CSStLSffl^Sc 

lft-efeixtf««4*tt*:^i-o eric, A, B, C, DCO 
-C*>0. -ttt-PttSrttae^x, b-e«tiHT©J: 9(c 

A= 1 * 

tanh (7) = ^bx/ Cbx 

[0 0 3 7] (4) 0, 0< b x < 1 x Whb t x 

bx<0*fclibx>l(O^ !P*)bix^*Rf 

«fcttbx«^j«:t©i*, sg#tt^^tri^ 

[0 0 3 8] — ^#»tt*ffitt#«*ttBI 3 (A) 

hn-^^^l 9 7 6*11^29 76 — 

P. 9 8(c|2«) 0 4iflt«S-e, 4 2liHPg (5f 

£l#£4sSH-3 4:— «KH3 (B) |^$ii5J:5ft* 

[0 0 3 9] r CO^ffi0K4 5^ > J^T, HI 3 (C) 

6 -CSfo-f. 0 4 (A) (B) f^^^ffif^m 

«srH3 (b) <d£ o%;mm®mx~mL,tzm<D4^t o - 

f r = l/(2 • >t V CCi xl 
f a=f r • /TTTT7T3 



* B= j x 
C= j b 

D= 1 - b x — (3) 

«ot, (2) 5ttt. RiWJlftSo 

[0 0 3 6] 

[|»7] 



30 



40 



=ry -(4) 
«Tt5p ^^iftii, 0 5 (a) 

■ &»4#tt<oia^t>^uybJ: fap=f rst^ 

*P<bm$i%tj5:BX*te. o < b x < l frffitztstiffiifccDik 

b x > 1 , < bx<0i/i 

[004 0] ttoT. HI 1 I^Ttft^05H4t®S7 
/l^lt*. IH5 (B) ^4 7t^t7^^§Mg 

[ 0 0 4 1 ] HI 5 cfc 9 iC'^ K*tt±lC* 

5 e ::tfr, fa 1*0 3 (B) OfftnllS^&^t 

[0 0 4 2] 
[I&8] 



"7 ) 



(5) 
<6) 
(7) 



[0 0 4 3] Jt#*Sffi (Af/fo li) fi=fetC f r, f *^#C5£tf> X 0 [Z&£tlZ 0 
a©8^6*totL*5fc^ (6) , (7) 

Af/fo = 2 (fa-fr) / (fa + fr) 



(8) 
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14 



-2/ (4 v 

z>mw?m+tt£Z> 0 L^u. ^(om^mms 2- 1 

tt, viii 3 0 0H±i45©i:»U 

fS^#*3 6° Y c u t — xeS&L i T a Oa T*(i. 
7 J*l 5ffi<OfllH£fcSo itffiFWItt (8) ^J: *9 . ST 

hTKe^T'tlO. 0 4%, 3 6° Ycut-X^ftL 10 
iTa0 3 -Ctt3. 3%<hft<5 0 fi£oT. SKtm* 5 * 

[0 0 4 4] IT, *«*»BE«*ri««>5fc«>. «H 
Bg5 2-1 9 0 4 4#^lB*Stb"CV^J:9tC. 

LTV><) , H6 (A) td^-TJ: ? |;L#«*kT»Wt b xffl 

©(■«3ftS*fcd« 0 . ti&^zb LT0<bx<l ftSiliBSW 5 
(B) *<0&:31X~m-to 

[00 4 5] [iiia«f«B<^ek#) ^±O^C$r»»:i-5 
f a k<om$:&i*Ts ^o©^o-f ^>^ffi^u< 30 

[00 4 6] *i\ ©0*ft=-efcS*S3S<0 f r , fa 

^ @7 (a) , (b) iz-i&^ztw&mmiSL&mmz. 40 

[ 0 0 4 7 ] H 7 (A) <K jg| 5 0 li, L Srf+Sni"5«! 
g^yt^^y^Sfi^to m 7 (B) > £|5 2 13 

L L^OT K ^ * >*%f&$:^-f 0 HI 7 (A) 

ct«9. LWHt5:iCJ;ot f r i f a<DPpflPBf*/£ 
^ot^5:iW5 0 :oi^t'i^3 0MHzfe so 



+1) - (8) 

^L/Co [^i (A) tfM:/fc 0 — ^>-;*<7)Jl 

*<Dm$o?ibz>T h'zpisxhmKm&frbffim (a) 

i^-tXo^it-r^o ^<DWr€th. fr^fr' 

[0 0 4 8] »c^<2)o^#-cfcs^ x rK^y^ltt 

H7 (B) frbhWlbfr<D£ 0\ZL&ttto~rZ>^£X*± 

(a) n^-r ± 5 fc««*-of*a«w/hs < 4otv^o 

[0 0 4 9] HI 8^. ig|5 5f*. — o<Z>#fi»<Z>>f > fc e 
-^*WttSr^i- 0 »5 6f*. nfl60#S*Srii[yiJJC 

*9 f4 f r " ks 1 m<D&m&(DM&<D f r ' «fc 9 ^« 
<fc*fctf>0X LSrSH^SftV^J: 9 4> f a £ f r <£>Hli 

[0 0 5 0] m^miZ&K-fZ 2o|^i L 
HI 4 4 (C^-T J: ? ^^Jffi^fi#(OS#fBAtt«[fa 

frs >fap k~rZ>jj&:J)^?thtlZ> 0 {RU frs >fap 

am, 04 iich^-rxoic^'bmmgcT&mxb 

[00 5 1] L^L, frs -fap = A f £ LT A f (D^c 

[0 0 5 2] WTs **M^rtS**#fl«j*||jfi0ijic:j: 
(B) (ci^Lfc««ia»tt— *frF»#tt*ffift*«»<0 
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#fi4B^j£J8 Ufc (0. Ikata et al. : 1990 ULTRASONIC S 
YMPOSIUM Proceedings, vol. 1, pp83-86, (1990). 
M. Ztl&Xtk (I) t-rz> a ) o 
[0 0 5 3] H9 (A) ttffi?IJBBlC-«^»9|ltt*ffitt 

•f- 0 09 (B) tt. afeyiJBBtC. |tWAl-2%Cu, 
BS*# 1 6 0 0 AwiMii 9 ftS— 
K#«B4rEU IlcroftSSMSamm©*^ 
^>^7^ir (L=l. 5nH) *rSaKbfc»^o, H 

[0 0 5 4)19 (A) , (B) ZitmirZ^ mnM 
mk\Z&Z>&mJ& (m^f ri , f r 2 , f r 3 X*7jk L 

^SLfiS^S<-S:UTVNSr<t:^^^ o no (a) 

SMii:Lt, 0. 5 p F^^vi^^ifLTi^ 

[0 0 5 5] BIO (B) (i. 1l^nic*«B«raBMEb 
tz.M&V>m&<D&%z*:7F~r o 0 10 (A) , (B) £Jfc 

S«Mtf ai , fa 2 , faa^lP 

[0056] cuis^j i ] a i ui. i mm 

9 3 3. 5MHz^WWtHT, ±8. 5 MH z 
<Z>ttfflj5S»»««^ai««r*T\ 5 MH z 

HtLfc8 7 8. 5MHz^W«at, ±8. 5 
MH z OlBlffltfSgflffir* £ V * 5 ttSWSfc So 
[0 0 5 7] ±E<Z>»»««oai«ffll7-r 

R 2 WR 4 ^Ett*)5o ^6 2, 6 3, 6 4tC 
^-»»i«t«SK*S8Ri , R 3 , R 5 #BL 

[0 0 5 8] Li , L 2 , L 3 (i^vy^^V^T'fe 
9. ^*&M$sRi , R 3 , Re igllt«6 
2, 6 3, 6 4diBLT£>5 0 *SSRi ~Rs 0 

3 (a) \z7jk-rmmn&mi&&*rrz>o *tm*ioo. 

BPSli8 0/imtfc^ Al-2%Cutfc 
V^mmte3, 0 0 0At^6o 

[0 0 5 9] «»«ffi<z)«ffl*sas:^«>T*)0, 

36*095 6 2 , 6 3 , 6 4 4 3 ^S^Ri , R 3 , Rs 

a>#mm&»&* 912 mh z % s*fiaas»i4 9 3 4 
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MH z t LtfcSo E?UB56 1 t^«SSR 2 , R 4 
0*JBa«*l4 9 34MHz, S*Si^KISfi9 6 2M 
H z <h LT$)^ 0 
[0 0 6 0] >f^^^Li , L 2 , L 3 J3*^4 
nH-CfcSo ±1E#l^5*tt*ffii67^^^ 6 Ott, M 

^L^2nH, 6nH(7)I^ il 107^7V^6 0(0 
ilifiWtti*. ^il 2«f>. ^6 6, 6 7T^-T$n<tC 

10 [00 6 1]@12 {Cg<5V^ iiiaffir««^*N-5 L 

&tF&&mt>-rt. mis (a) <d»7 o-&F-rim<\z 

fc* D ^rT% */J*A»*^5>- 3 d B WofcJtt 

0 1 2KlS^lvt\ ii»fflF**W|lEEfttc3EH-5L 
«ffttSr*fc"Ti:v 013 (B) <D& 7 1 ^i"*P < \Z 

[0 0 6 2] H12J:»)^5J;5I^ L££>£«9*# 

««m^ii4<4otu*5 0 Lf*Jbie<7> 

1-fe#:Ml&(D7 ^/U? 10>a§iBWttttU Efl 2 4^6 8 
-T?*1-*I< KjfeSo 
[0063] 012^, *MMM<0-7 6 0<£>iiil 

(i6 5) Sr?63fe0 7>f^(Z>iiiaWit (§6 8) 
^Jttti-St-, #||jj£#J<7>:7^/l^ 6 Oil, t£*<o^>r 

/u* {cit^r, £cEp 7 5 -c^i- J: 5 ^ilia^s!c*l^£; 

< . £cEP 7 6 T-^-T J; 9 KiiiB»«^0>»JESaSS5 < . 
L^fc^cW 7 7 T-^-r J: 5 MS5fc#(6;v^ k &&**&o 

30 19 1 4 1 5 tt, Hill <D#t£^ffl£;7 >f /l^ 6 0 

[0 0 6 4] 8 1 fiir^ 5 s/^^s/^r — v\ 8 2^^ 

9, lMXfi5. 5X4 mm 2 <DM£fc 1 . 5mm£/h 
rcD-ir^ ^ -/^^y-jr— 1 lC(iAuSJ<7)mi^ 

[0 0 6 5] 2(i x LiTaOa Kt' 

. X|i2 X 1 . 5 mm 2 ©I^iO. 5 mmT' 
40 fe>5o Z-<07 4Wf*y?* 2 0$ll:, 1 0 

0. |Pl^8 0/im, ttWA 1 -2%Cu. ^J?^ 
3, 0 0 0 A©i»tSffiSS:tt 6*«8Ri -Rs 

[0 0 6 6] Sfc7-f/^fy^8 2^*ffi(Clli. ^> 
8 S-zS^O^T-^MT- 8 5-3, 8 5-4, 8 5-5 

>^g£LT&£ 0 8 6-i~8 6- 5 iit:yf^ ^i/y^-v 

50 9. 8 4-1-8 4- 6 iS : f 8 5-1-8 5- 6 ^C 



(10) 
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[0 0 6 7] ~tf>?*>, 9^t8 6-i, 86- 2 f4^*[H 

i i q*<DWMWiG i<o— Ue i aRxfe i b&mf&-f 

[0 0 6 8] ~(DV4*8 6-3~8 6- s J4^£;^*M 
2. 0mmi:lV\ Z<D £ ? M < X&\<^ 4 *teM 10 

JB^^pRIsIKj ImII^WK^P 1 9 9 ME 
fc) t-4*U4. ±fE(7)y^-^8 6-3, 8 6-4, 8 6- 5 c£> 

[0 0 6 9] 4 nH^y^^y^^||6/:^:ii: 

LSr^J/B LfCo r<Z>J; 9fCLT. mi 1 *<D>f * 

, L 2 , L 3 SrlfffiJc-TSo 20 

[H16«2) 191 6tt*»Wo»2ia(tW3:ftS#tt« 
®& 7 ^ 9 0 £r^-t\ 

[0 0 7 0]m + , IU1 l^-r«figSB»i:*HC"r58l5 
#tc|!3-f$#£Ttt-r o fliWI»6 irtG>#«SR a <d^p 
*A S 14. 8 0//mt^ o ^JS56 2{C(4. ^SSsR 

Zo *S»RiAf4BBPSA P #1 2 0/imt^ o 
[00 7 1] SlpfiAp (4, inftAs 4 9fi<, ffln 
SAs (7)1. Sf^T-fc^o *^3§R 2 &T^RiaGD 

*fr*N P , Ns te^tCl 0 0Tfc«9, ^LV> 0 :<D7^ 30 

/^90ij;, nil ^9 i -e^i-fflawttSr^ri- 
5c roiia#t^^6 s-c^iia 1 1 ©7^;^ 6 0 
^aa»tt£Jt«N-5£:* aa«***r**.-ri^ ^ 

9 2 x^x o ic v aa*«*»ffi«a s &s<**b-ci^ 

[0072] H18I1 IU16 <Dm$L<D~7 << ^2 Oilil 

¥f&<DmQMfc&&&7Fi-o mm (a) (4. mi 6^ 

t*4 ^fCL^tt^frTV^^. 1E14 2tC^H~4 

»*>H!q« (As ) (c*t^*#MK*«»<DMn* (a 40 
p ) coitAp /a s #«*»ffiffi<oBS«S:^-t-o 
[0 0 7 3] WfflE^t 4nH^y^^y^ 

9, ^>y^^^^L^^p^t^TV^/ ^ ^V^^{C{4. 1ft 

9 3t^t$D<l:^5o mi 8 (B) (4. Ap / 

As taa»*«^^Bi«*^o aa»««*4, 4n 

HCD4 ? >*LfctfM£ftX\,^Z>m^te. 

SX^tmKiCteV^ 4^y? ?l/*LfrttMZKX\<^ 

fcHfrfrfctt, ^9 6-e^i-*o< tc^5 0 

[0074] mi 8 (A) , (B) 4*9, AUT^^ 50 
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<DM3«6 2rt(fc#fi»RiA<Z>|lBnfiAp £tgjljjg56 1 
rt<0#«»R a (^9lP^As ctDKtS^^ia^ 

®»ji6 2My^^y^L 1 £#AtH-£r <tic4 

[0075] ^_b<7)r ir^e>t. ±$dmmm<»7 
9 0*4. mi i^7>r^^6o^jt-<t, aa#%ffii4 

Wfe*<*T^ % aa***»EEtf#**;fcaa«*tt«: 

(3Si6«3) Hi 9«:**WoJB3j|J6Wcj:S3|itt* 
©^^/u* 1 0 0£r^-r o 

[0076] m<K m 1 1 at5H 1 e K***ti*jfia5#£ 

»J«-rsSfB»(wf4l^-JRF"i-S:«-ro I«6KO^ 
R 2 O^fftNs (41 0 0t^5 o P16 2(C{4. *S 

T£>5 0 *fi»RiBf4. ttifcNp 3*5 1 5 0-Cfc«9. ±1B 
0#fi«R a ^)>FfSNs J: ^1. 5{g-Cfe 

[0 0 7 7] ftio. *S^R 2 ^RiaOHpIAs , 
Ap W(C8 0jumt^^ :©7^/^ 1 0 

0(4. 02 0*. »10 1"(?/TtIi8»ttS:tt5. r 
0>aa$H4Sr* ^6 5t/TtBl l<£>:7^vl^6 OOiI 

i o 2t^t«t 9 ic s aa««#wnffi«*sa»**bT 

[0 0 7 8] mi 7f^9 1 T*^i"m 1 6(7) 7 ^ 

9 Ocoaa»tti:W:«i-5t. »*3&{fca*d>4v^ 
£j&s$M>* 0 t^oT, *HJfi09^7^/u^ 1 0 0{4 X m 
1 KO^/i^i llctt^T, IM«i$r*<^f 

otcit-<-c. «*^ft*/>4v^aa*Mt*r«-rs. 

[0 0 7 9] [H«SC»J4] i2 1li^^4l»J 
l:45»tt*I87-<;i/^ 1 1 0$r^i" o *H1S«II4, 
B!^JBB^*filHlBoS#fia JR» f - <t f ^ 

■e*>So a*, mi i«-*-r«*«»t»rt?-rs«»jc: 

f4P-^^r#-r o 
[00 80] a^lJBB 6 109^ afc^JJBB 6 2, 6 3 OPfl 

tt(-B:^Jt-3 nHO^ Z/W? Ls ^#^1UT$> 
5 0 f^C<. 105*), 3fe^JB66 3, 6 4(Df B 1 

[008 1] 3feyiJBe6 2 lcf4. — o<D*S3SRffiSfc# 
«SLtfc5. 1^D<. lfeM»B6 3^«4. -<D&M&R 
3 ^flt^ELTfcSo ^JB86 4JC|4, -<D& 
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M$sR* fctt^ISLTfcSo Z0>7<{/U* 1 1 OH 1 
2 2*. Hi 1 1 T-^i-iiia«FttSrWi-5o --"Cx >f 

[0 0 8 2] 02 1 0>:7-f /W* 1 1 0 <fc 9, 
>*L S k-<o&m#R* . R* 4£6iJI&1-S4, HI 4 
2fc»i-f£*0>:7-<yi^ l tHC<45, Z<D^:M<om 
iB*M4«\ i6 8 (mi 2#bs) -c*H-*n<T?*>* 0 -t 

K>f ^y**^*L s £il;ttH-S4. 5cR3 1 1 2T^t 

£i\£mmMtoEE&&mx.it 0 ¥t^mmmmmtc^x 

^S4, »^*»**«i^©tt*3fl«*#<, XAKftfl 

lowi 5 mhz ufc 0 aa»tttt. Mi 1 

[0 0 8 3] 

^S^R 2 , R 4 *il*p-rs4, iiiaffir«#i*»5a6Sw 
fcffll l 5-e*rJ:5l-. »**M«JE*35Stt 5 
dB^ti, mi l lt?«^»ii«H*fc*ofc. 
[0084] Hi 1 1 6 8 4: Jtffc-TS 1 1 20 

*3, iE5IJB66 l<0#fi*R 2 , R 4 f*5fc*Hfi£JLk"Cfc 

2-6 4tc. ^y^^y^^SALTt)J:^ 0 

[0 0 8 5] [H*S0*J5] 12 ll^XnoJR 5 Xtttt 
l-45#tt*iR7^/^ 1 2 0 $:^t 0 HI*, Ell 1 

[0 0 8 6] 0j6>tt$IJR6 3(D>f>^^^>^ L 2 60-f 30 
>^*V*ffifi5. 5 nH-CS>5« JE^SU<7)^JBb6 

4^y^^y^L 3 ^y^^y^f(i7nHt* 
fc5c roj: Sic M«6 2-6 4^y^^y 
^Li -L 3 <D>fy^^y^S4f>U5:i:i: 

iot, 7 1 2 011 I24t, §121 X^t 

skims* & a. 

[0 0 8 7] ^y^y^^^La ~l 3 o>r^ 

^ y ^fi 4 n H ^ § LV 1 ICO? ^ /l"? 6 

0(DiIi§#te4Jt<lfcLT^So :^7>fH6 0lt 1 
2 4*.. j»6 5T*^-raiS«Ftt (B12#I) Sr*P*- 40 

So *Hlfe«^>7>f/^ i 2 o <oiiiia«Fttfi, ±IB^^r 

w £ ft< . fcHU 2 2 XfMrX 9 »iliiil«*^»flE*3flS 

[0 0 8 8] iiia*«<tO(S«iK*fll^oV%T^-5i:. 
y 4i\># 6 0[:feotli9 0 2 MH z 
12 3 La»ftfl»ofcfc0>|£*tl,"C, 8 7 5MH z t 8 9 
2MHz<7)-iS^flC^gSl 2 4, 1 2 5&&±LXf 
So rtbfCj: 9 „ lOiDSIil 2 4, 1 2 5 t(Dffl(D 

1 2 e a*»jk* 127445. 50 
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[0 0 8 9] [HJfcM 6 ) i2 5l»^Og6^j 
«5fe©(fi:TS:Hofct>o-C*>5. Hf\ Hi 1 

[0 0 9 0] afeyiJBS 6 2 (Dm 1 <0#tt*ffi ft*«»R ib 

i26 ic^h- J: 5 (cjaiiBftti i3i4, ^<omw^ 

5WS1 3 2, 1 3 3SrELfc«*-CfcS. R»»13 

2, 13 3ttifi«ffil3 1tKj»Sl 3 2, 1 3 34 

d= (n + e) • a. ••. <D 

13 = 0. 4 4 Lfc4#<D{ifii;iiSbT£>So 
[00 9 1] 1IEKWS1 3 2, 1 3 30SSH, 5 0 
T-fcSo Klt**«*.fc*«*RiBtt, i2 5^fj: 

6 4 0*fi8R 3Bl RsBt>. ±|E<^#SSRib4I^« 

[0092] ±mm$L<oy << 1 3 ofi, 12 7^m 
1 3 4T*^i-iiia#tt^-rso ^oiii^^ii. mi 

107>f^6 0©Ii8»tt (»6 5Wt) Kifc^ 

$cfl] 1 3 5 r^-r A 5 tc, 
± 5 tcMyijRtoiasmffi 1 3 1 <ommz.EL#» 132, 

1 3 3^IfiSL^r tlCiotStLfctWffc-So 
[0 0 9 3] Slt^ 1 3 2, 1 3 3 (DgBRffiB 

p (^B^Kfii, 12 8 +18 140 -e^i"*p < k& 
So i^i*. ^ui^y y^/m^jgr/jx^js-cfc r> s 

[0 0 9 4] Itordr^b, 0*0. 4{c^£>-C&5 0 
12 9(1 0 2 5 O 7 -f 1 3 0 4:18 UtfttSffi 
S7>f;^gil5 0^t o 1«K ai4l^t«« 

s&-rs 0 

[0095] 132, 133, 151, 152, 15 

3, 1 5 4 tt** R|«T?ifea o JWC, JBlO— «HF» 

-O^^J^^-To ^co^M^Ri Bad ®^m^i 

3 kd^ic, Rit^4br, ««nA«r^«ieao« 

MS16 0, 1 6 1 SriBUfc»fiE-e*>So 
[0 0 9 6] H31tt, »J<D*»«Sr^i-o ^ 
Ri B b li, ililffil 3 1 ^fflHt-EStSi LT. ^ 
hyy7 P 7KiHil 6 5 1 1 6 6*ELfcidcf«> 

So 

(Hifi«7] 13 2li*«W^»7H»«^ftS#tt« 

ffi&yjsisfi 7 0^t o *HJEWfi. HiS^J6 4^l 
«i-a5fe^(ST*Hofet>o-e. 1+. 02 1lOTti 



(12) 
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[0 0 9 7] 7 4 As? 1 7 Oil HI 2 1^7^^/H 1 
0<D?*>, #&?IJB66 2, 6 3, 6 4 <7)?g 1 
&*S^Rib, Rsb, R6B^*^E!2 6iC^i~J:9tca 
13 1 (D^MCD j3 365 o . 4 t?3E* SffiRldRttS 
1 3 2, 1 3 3SrKLfc*jS;-eS>5o Z<D7 4 1 7 
0 J:tttf . HI 2 2 1 1 1 -e^i-«H4«fc 9 t . iiifi 

tt^#e>ixa 0 io 

[0 0 9 8] Cftttffl 8 ] #»K09tt:, B27toyy 
^r P i:aOR<Ii«:l»i:Lfct)OT?fc5. * * 

Q=Z o/Zm = V o/Vm^ 
(Vo, Vm : S S^ffi&T^mffiTT^^ii, k 2 :« 

[0 10 0] 9fi< i:7-f;i/^OWfl8»f oWt. 
fo = 2fo' / (1 + Q) — (1 0) 

v'>ai/-> 3 y^S, a (t) ^#<t5<!:, IP 

ttftttit**B 33^. ^cBi 1 s 0 -e*i- ct 5 tc. mmm 

El 3 3 (^^-To 
[0101] ft*5 x 133^, %\<D y y ^VW r s «t.' ff 

4f£a (t) =0. 0 8"©^ afc?IJB5<7>*ig»(DKlt 30 

^^T^^m^ai§^^^i- 0 Sot, HB-CTi« 
ttttv>5 0 5iia#«o*^3fi5 (1 

-<< . WHSft*9 3 2MHzl:45J:3i:, mm 

»tfafeWB6w*«»o*«j««** i5MHz Kitasjs 

[0 10 2] w^SrHK^WiP^^^-C^S^:^ ^ 
s^SrSWU ^(OSig^ttSrH^a i35 (A) , 40 

(B) , (C) ©»1 8 5, 1 8 6, 18 7fi. 5*c*i 
f^2 0 00A, 3 0 00A, 4 0 0 0 A(7)^(Oiiig4# 

[0 1 0 3] M3 SfrbmhfrteX 51-, 2000Atf> 

^^«Fterttci^rv^yhife^jB6o#fi«(oy 

fp , RXf&i&tWWiPmo y y^yUr» 255. 3 0 0 0 
A^»C|i^&fig^»LTrp ' , r s ' 50 
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1\ B91BK*t*f+*D^JcmtL6y 

[0 0 9 9] y y^WlflSftffili 

(Zm) <bgS^®^^#^>t°-^^^ 
(Zo) t<Dtt&*$< LtVKifctltHifc. * 

ttrttxitt (i) "Cfeje^-cv^aj:}^ SffiBi/Poitan 

= 1 + k 2 /2 + a ( t) •-■ (9) 

[0 10 4] L^U Rff&if^£*fcB*Jcf;*v^ ^ u 

mi& : TL i T a 0 3 S4£±<^#ttS®8t^g^- 4: 

VTRffl»a#^oiCfflj , vol. 

J66-C, No. 1, p P 23-30, 1988) t t&tiilfttZ J; 6SMf/5 s 

(A) KigOMrfcAfcft^/J^AlB^^ftSr^ci $, h 

[0 10 5] HB*. «§U 9 0li/Vl/>7iKiCj:5t|^ 
Hi 9 lfifigtatCtSa^Sr^i-o ^19 2^H^ffl 
-e&3 0 WHJ;9»^S J: *PA»i*2 5 o o Affi: 

■e^#oa*j6S±a»L, JKJ3 5 0 0 A< bV^b^/U^ 
tt«ciJ:a«5feittos^EW^ft9*<bU*6«>So B 3 6 

(b) <dbi 9 3it B2 6 ^(ommm^i 3 1 tsM 
8132, 133 <Dmm&&z-tcm&v>s y r p 

[01061B36 (A), (B) fcfc^ttfcWWi-a 

J^ii:^ LTii. 2 6 00A-4 0 0 0A««rtic 

S^JB6*S»(D*ffi«»|Xp (9 3 2MHzt'4. 4 
//mti)^ HI 2 6 #98) T^^i-^^r, 0. 06- 
0.0 9 ^*-5« 

[0 10 7] *HlEMf*, _LIH«>«IWfe*tcS<5< t><0 

T**>5 0 B3 7te*mw<DW&mm$L7'<^??>miv> 

-S^»#M®S*fig 2 0 0 Sr/Tto PB*. 2 0 
1 MI)^mS 2 0 2, 2 0 3 ttRAt*T-fe , ^AlK 
Xfifi*itt?»%aa&J|R4rS-ff 7c A 1 ^It'fc «9 . 

if till Ml^poo. 0 6 — 0. o 9 fecom 

[0 10 8] ^0^2 0 0^2 5^113 2^ 
^S^Rib, R 3B, R«Btcafflbfc»tt*ffi&7>f/U^ 

<oiiifi«rttn 1384>, ^2 0 5 r^i-*p < «9 . 



23 

a i &&mt vtcWr&ia^ a i mt ^tcm&iztt^x 

[0109] H! 3 9 I*, ±R#SS<a£»«-efcS#fi 
^210 £^1% 2 11 (iligUi, 2 12, 2 1 3 ft 

[0 110] Alf)M/Au©S£=2. 7/18. 10 
9 = 0. 1 4 3X&>Z>tz&b^ SjS^J? t 2 tt, 0. 14 
3gLt, ISHAp 00. 0 0 8 6-0. 0 1 3§ 
<Dm£ t LT$)5o I^il2 10^i2 5Mi3 
2 4»0#fi«Ri B , R 3B , RssKliifflLfcWttSffiift^ 

[0111] [HiSCT 9 ] *3Si£0!te, (U 1 i *<o<< v 
y^^Li, L 2 , L 3 £H»-rSSU0>0J-C*>£o 

-«F»*rftU *<0RWttf*t5. 20 
[0 112] 2 2 0, 2 2 1(i^^tTft^-Y^o^ 
hyy^^f^fc^ **«^8 4-3M8 4-6«t») 
MtULT-ir^^ y S?8 UiMLtfcSc 

#W^n^hy«>y7^>2 2 0, 2 2 1(7)5fe^T 

0, 2 2 1OA7-yi{j:i0 0fini, -e^^D^MJ 
^y7^yi7-^P|Og$fj:0. 5mm-C&5o 
[0113] t7; 5^*3^—5*8 l^it^m^^9 

^D^hy^^7-T>2 2 0, 2 2 1 CO-T 30 
fit* 2 nH^ftS fl 

cn^jio] *mmmte, mi lwy^^^ 

Li ( L 2 , L 3 Srltm-r5S^iJ<O0iJ-efcSo 
[0114]B41^B1 4tC^r»*8ffi#£#JC*f- 
S^#tcfS^-?3F-§-£ttL, *<0fftWfi«llfrr£ 0 2 3 
0, 2 3 1 li^^f /^Ov^ ^ p ^ h y vt- 

^2 3 0, 2 3 1(0» v W8 5-3, 8 5- 8 « 
Ufc6 0 #W^PXh!i77 P 7^V2 3 0, 2 3 1 40 
12, *$^3 00 0A, «PI^6 0*znu 4fi^»2mm 

[0 115] 7-f/^fy7 p (LiTaOa) 8 2 <£>it 
Il$^44^:t6^, ^^n^hy77 P 7^>23 

o, 2 3 i<tm >y??is*m&. ms&nj:*). 2. 2 

-TiT8 6-3. t7V>^^7^-^8lJ:©W^D^ 
^^5/^7^^2 2 0, :7>f /U^y^8 2±4>^^ 
n^Fy 7^7^>2 3 0 5:SS»^^>5Ci«Cj:o 
tMtS^ttTl^o 50 
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[0 116] (I»]l 1] 1214 2 1 IS 

*£WJCj:SWtt*ffiSE7>r/^2 4 OSr^-To IH4 3f2 

[0117] ®*mmm<DWtm 
*>*«»<0R#sja»*fap J:t)jgs:K<^^T. ilia 

fflf«*BS:14:*i"St<^-C*>?), A f -frs -fap 

BfrlE#SIJfi0iJtc:*5V^rii, fap =frs «::7 -f/l^£>ffliB 
i~J:?(cfap <frs its: x./c 0 

[0118] r. mmfrbmt>frtz£i\^ fa 

p < f <frs Oiltli b x < 0 t ft 9 s iiu^cOSIwJ^ 
e>J***i:ftS3BiX3flS*So Lt^U mUt-fiJ^Ttc^ 
-<5ct9{CAf ( = frs -fap) ^ftJPSLT^ 
*ttf. b x«©Itt#tlc/hSv^f * Sfcft, MS 
ttfic:e>i\ HK±iiifl#«i: LTWbWJH*5ftv^ i 

[0 119] i4 5lt Af =frs -fap Sr*^fei»a 
(7) L i T a 0 3 Sr. IMM^A 1 mffifiJBlJ? 3 0 0 

«at:^2ti;iisgu -etucA^MRtf 

ffi«*r*fflWftlHc*'Ci*»*fc«>t t *>So 
[0120] L^u *«fclcJ:9»Btt«rt<D**fc 

2 0 d BKJiSrUSi-* 1 owi^Wi UT^if fcfctf) 

S*|:HPg^ 18 0// mt«55 0»T$)5o fiife 
HP UV^-e-tix^ixo» 
«SS<z>JtP = Cp/c slii-CfcSo 
[0121] i4 5K:*3i^-C\ (A) (iA f = 0(Oi 
£\ W*>MfE«>Sa6«<o»fr-e*>ao"BIH (B) j±A f 

= 10MHz^m (^[11 (A) <bit-<5£, ii 

(«*2. 5 d B&T*«!E-r3»««£-r5) rt 5 2 2 
MHz^f)4 0MHz^f^ilTV^ o A f (Di$tl\}£l 



(14) 
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[0 12 2] Sfc, «P*^«iffiSt>BfeSSix6 0 HI 4 5 
(A) , (B) JC*5V^TJB««««>#«^»ffi* (H* 
fcl*Lfc) Jft5 i 9 d B^fe 2 0 d Bt£&#£*LT^<5 0 

[0123)145 (C) (iAf = 19MHz^tm 

4ofc, fiot, Af = 19MHz^ Af£if;Jjn£-£ 

4 5 (C) f/7tJ:5t«2 1dBi:4^ ffi*(O0 4 

5 (A) 2 dB^i^#f)ti5 0 

[0 12 4] roi$K:iilftE0)b xftttj?0>J: 5ft»cft 

otV^W^i4 5 (C) (DAf = 19MHz(Ol^ 
«C««U El 4 6 (A) , (B) -e^-rjl^ttlHlKWric 

f^^f-^^^$r^tt^ttSJ^Ufc 0 wen** M7 
fc 0 «t IT, ^CDftt£I!4 6 (A) , (B) {C^i-^tc 
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[0125] h 4 7 i^^i-j: 9 tmmmm 

b x«(0||[S:f|-J|[^5^*Ofl«*^ttia4 8(Oi5 
Id* So I^HI^^fap < f <frs (D^ST'tib x®^ 

[0126] b x«C0«5*MfiO*^cfig I bx max | tt» 

[0127] 
10 [|&9] 

f = Vtap Xfrs 

[0 1 2 8] (Dm^^btl. *HJS0»J-CHO. 0 6T 
fcofc, fiP% | b x raa x | ffiasc<0ffi«TT*S>*Lfcf. Wi 

5$ itSAfiw*«Wrt y y ^*s#^ 1 d BJL^ 

Tt/J^<itx^5r^5b^ 0 A f > 1 9MH 
z<bt5^, |bx_ mttltJPU 
f^y y^/UiftSft^l d B^±ir^^HfflW-C{i^V\ 
[0 12 9] tfcoT. | b x max | fidS«Ftt^b(0±R8 

20 ^Lt^t^o 1114 9lzmi3tmC3:5lcW&mffi$L 
#fi«Sr L C 2 fi*filsIK-efifil UTH 2 60 J: 5 ^» 

[0130] E^JB6^»tt*B«#fi«tf>'f 
[0131] 

[iio] 



Z s = j x = 



Yp=jb = 



[0 13 2] t*'-6o ^riT% 
[0 13 3] 

G)r*= 2 7T f n 



- j ((On* -co 1 ) 
CoCos (0)* 5 2 -co 2 ) 

j coCoo (o> aD 2 - 2 ) 



(C0 T 



2 _ 



o> 2 ) 
* [in] 



= \/ /C77U77 



co At - 2 n f 8S — o) r 6 y i + 1 7 r 
co r p— 2 f rv— 1 / /CTTC~il 



T = Co*/ C ls = Cop/ C Ip 

6) 



(I 1) 
(1 2) 



[0 13 41 tfcS, (11), (12) SiObxa [0135] 



(15) 
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bx = - 



CoP* (0)ap Z -CO 2 ) ' (COr.* -O) 2 ) 
Cop 4 (COrp 2 ~ <X> 2 ) ' (<0a, 2 ~ <D 2 ) 



(1 3) 



[0 13 6] £&5 0 (13) 5£<Db x^ffiffiSr-S-x.* * [0 13 7] 

fUSR*©*** (bx)/ao) = oH*4?i, tii in] 
f*. * 

[0 13 8] t*So (13) SICftALfct^ * [0 13 9] 

mmm&to<obxm<omtte<Dttteb?*Zo [»i4] 

Cop* (1 +1/7) 

b x w4 x 



••(14) 



Co, ■ CI + 1/ (r • Aco-/6>r.) ) 



(1 5) 



[0 14 0] 

Ao) = w rs -6) ap = 2 ji • A f 
X*£>& 0 (15) aSrbx—, ^Af/fr S «il 
TP = Cop/Cos^7^^i: LT^ny bi^^HI 
5 0(7) J: 

[0 14 1] HHfc*5^T* 5fetcH^tc*^/cb x60 
«ofF5SMfiO. 0 6KTfcv^5*fl=tH^i-St»«<O*20 [f 15] 
a=l/ ( (r 1 +r) ✓ 0 6 -7) 

[0 14 3] S^Sifcy te£«WH--Ct]£: tK URtCttt * [0 14 4] 
tf, 3 6° Y^yhgiLiTaG3tin5T*fco [Sl6] 
fc 0 ^(Dfctb. (1 7) 5Ctf\ TUT 

a=6. 67xio-V(4. 2 2 VF- 1 ) 

[0 14 5] tt£Z> 0 P=l<D&f^ a = 0. 0 2t?£ 



- (1 6) 

★ <fc 5 Sot, P = Cop/CosiaotI 

45Af/f„WffSta35 s *m, *T*U* (15) 
«0| bx max 1=0. 0 6i:lT, «^i5o 
[0 14 2] 



(1 7) 



"9. f *-*= 9 4 8MH z Og|4 5<D^#JcDi§^T*A f 
= 1 9MH z bK*), (18) j£a*j£9£o-Cl^ w£ 
tfSttR-C#*o A f ternXZitZltoWzte. S*Jtytf*/h 

(17) 5t*#«>fc D 

[0 14 6] vKtlgfttt^Mk 2 oiSSSttcifcW 
-T^fcJ6. 3 6° Y#;y bXe^cOL i TaOa 

k 2 =0. OS^It^T, I^fS^l^ifel 
je^«ft«:t>o«-5|s|.6 4° Y^yhXfiKfiLiNbOa 

(k 2 =0. 11) t 4 1° Y*y hXfeS&L i Nb 
0 3 (k 2 =0. 1 7) £>y HU#^ 6 . 
8, &#j*s 4 . 4t^6o j^^ttbcok 2 offite^St 

( "Applications for Piezoelectric Leaky Surface W 
ave":K. Yamanouchi and M. Takeuchi, 1990 ULTRASONICS 
SYMPOSIUM Proceedings, ppll-18, 1990) $r#HR Lfc Q 

[0147] &2b\ |U 5 1 ^#4it y 

iLiTa0 3 tf>k 2 £ y ffii:<OfiS:fiEU\ 
[0 14 8] 
[Si 7] 

1 



- (1 8) 

[0 14 9] t LT^^fckO-efcSo EI5 1tf>KlflSrt» 
64Y° *yht41° Y^7^/ hcOXeagL i T a 
0 3 © v «S:*4(>5;im, mTtE£PD<*jh^ft 
y = 6. 8, h*. 4 £fc* 0 
30 OftlfcM 1 1 

r ^ T\ 14 2 2^0 4 3 (^i-|^#^1tJ&^Ol^T 

[0150] 241li36° Y-LiTaOa <D/£mg 
fitfcD> 1. 5X2X0. 5mm^#^tfeSo A 

xMfrtbmmzmm&mm (r Pi ) , m.9m#mm 

(R s i ) % ^JBb^SS (Rp 2 ), £»i^ 

(r S2 ) . 3tma&m» (Rp 3 > ©jH-eatAz-ei* 

[0151] ffl^co*S»{ii^-9->f 4 2 

40 *:tofc«jg-e&So v5*i 

t«PWl8 0Mm, tt)|^K#5 0^ ^#t^ 

B:5"JIR*«»4:-CK*.T*>S. afe^JB5#fi«<oS»li^ 
p = 4. 39//m (/^-yl^ty^il : 1 "C 

»»Us=4. l6//m(»/^-y| 
tti-s/4=l. 04/im) T*£><5 0 
[0152] ^E:ix^lxo«fflii^:ix-eix<o*fi«o*g 
J^8t§t (frp , frs)^5£OfiI (frp = 8 9 3MHz. 
50 frs=94 2MHz) 



(16) 
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30 



A s = V m /frs . RXf 
X p = Vm / frp 

J: i9&3£Lfcfco-c£>6o v ro f*mffiJRJ?30 

0 0A^3 6° hxe»L i TaOs »fltf> 

SffiRtOWiS-Cfc 19 , nmhK V™ =3 9 2 0 m/ s £ 

[0 15 3] -bfa*^0#tt^SjS> r -<^^2 4 Of*. 
§4 5 (C) |c*i-j£*«-ej.offi*5cOiiiiB4*ttS:* 
-T^o fc*5, Af = 19MHztfc5 0 04 3*, * p 
/ctt£r^;iT4. Af^l0MHz*10 

a= 1. 4 7X1 O'V (4. 3 7 



*ifc>?, ei 4 5 (b) (DftmmtbtiZo 
[0154] mmunnA 1 - cu^t* <o . m 

*tt 3 0 0 0 AT\ *ffi»^£E«S*E 2 4 1 (DXmijft 

fflV^c^^J^OV^T^-tSo 64° Y^hXfe 
i NbOa (Om^a, v = 6. (17) 

[0 15 5] 
[f 18] 



/F-l) 



(I 9) 



[0 15 6] £*5o 4 1° Y^7-/ hXfiftL i NbO 
3 O^CIi, 7=4. 4-C&9, ^ 

a= 2. 2 7 3X 1 OV (4. 

[0 15 8] £ftS 0 v«^$<458, fiP%«^« 
«»^R*^*#*StRlc*SS. a **:*:#< ft*. A 

f < JStf T fc#tt^t«fi 9 I- < V \, 

tnmmi 2) m5 2&*mw<Dmi 2mmm\^^m 
[0159] ^5 3(i ni52 (Dmmm&<DW&mm& 

7 4 fi,* £ JMfcfc Ufc*Jt4r*i- 0 §54 &t*H 5 5 
Wt. H 5 2 , 5 3 (DWVkmffifti 7 * /I** (Dm^^-to 



[0 15 7] 

[tl9] 
5 2 /F— 1 ) 
* [0 16 2] 



[0 16 0] ^J;^ iiia»«^*3*tSffAa*S: 
§56 (A) , (B) \Z7fk-t X 0 tC># < t h 1 

[0161] ^<nm, WMw*&um<o&mmmktmi\ 

<n±.frb J: t> if* v ^K»S:«fo r £ j^MS L 

\i\ §56 (A) , (B) ^ffiEK^SV^^AW^S 

SKS&JRLfcfcOli. §5 7 (A) , (B) , (C) \Z. 

Z 5l = VDi Hi /C Ai 
[0 16 7] (^«IC(H]^2{iI^^.yc^>-v ? ^ yt°-/ 

Z i2= VA2 b 2 /C2 U 2 



- (2 0) 

157 (a) \*xmt>m<D—%&w&mx* 
tt*35safejm»-e*>«»fr, (**wsd . (b) liAtH 
***ic3ww-c*>«i*& (»wa> . mis (O «a 

20 iar|ZWI(Dn«i:>fc9. -|Rl:»Affl*ttI<45t)(0 

[0163] u&»Lfcas&, ^ffiEPfli^ioaiaw^jc 

[0 16 4] *ffiKR||PI±«)«*Rlt4rr^-fSi:aife 
30 tnlOlog (D t4§o tSoT$M£eifflP±<D-< 

HS*ftlcov^TRWi-*o H5 8l:^tJ:5K:, Htt 
|:2o©U45 4jBfSft (F^IJC0 4 0<7)^SCA, 
B, C, D) £t>o[U3§ni3db£r. ^^t°-^>^S^^r 

40 [0165] 158 tC^i" J; 9 (-0^ 1 fiSJfr^fc-f ^ - 
^yt'-^Ziiii (hI^i^4^$Ai , B 

[0 16 6] 
[S20] 



(2 1) 



[0 16 8] 
ISfc2 1] 



(2 2) 
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31 32 
[0 16 9] :tl^^^-^yt'-^|j;Mi * (2 2) LV*£« < t % &tK,<D X o t&4 s \?-# 

fct mWoi) Ro ^^MBi«^^6o (21)^ * V*e^#H^#£5 0 

Di Bi /Ci Ai = A 2 B 2 /C 2 D 2 (2 3) 

I5 9te. tua!0^>'t: 0 -^>^S^#^^®[Hl^ *-b' fr^mZ&tzfrftt&Mri^ 



[oi7o] i59 (a) fi. 4 

l>«JBfcfr8:-C\ (2 3) ^(D^^mtc^f^\ 

r = 



2 + Zs Y P 

[oi7 2] t45. z. y p temm&m^-X'temm^ 

^tl\C\t^ i59 (B) , £fcttl5 9 (C) fcfcKlf 
b-b' X (2 3) ^^^ffifct-fc^JKIt^O 
*K «^tt*C*V\ ^J^Lf^ i59 (B) CO^. it* 

(1 + Z. Y P 3 



[0171] 
[»2 2] 

»■ (2 4) 

(2 i) 5ta>e> x 

[0 17 3] 
IS2 3] 



Zm= vz, /y 



[0 17 4] £fc* 0 itJ^b-b' a^^flj***:^;* 
— S*>f ^V^Ztafc (2 2) a^b^feSi, Z 

^<htt. *#t?<OK*t«*r40i:ft5o B5 9 (C) 

tb6 0 M59 (B) , (C) <D£lti:mWE&:&%im 

[0 1 7 5] 16 0 (A) |i % 15 9 (B) , (C) <£> 

mmm^K\zm v )Mi,xm^mm^n 02) 

bftV*. i60 (A) tomtit?* B^«gL$>9»"J 

t^t^-t^tme 0 (b) fc*«iJi&-5. 

[0 17 6] *t>Am*«JCafiV^KO^-t 

n£ «9 rtfflO<oBg{c*H.T^o*:ft vtf— 
5 0 0 5 7 L/c3 mm<D2r&ik<Di±Jj\Z.ZtlsX ^ <D 
t L~Cx ■ett-enS 6 1 (A) , (B) , (C) O^ffe 
[0177] 161 (A) f*l 5 7 (A) {C^-T^g 

^k8NKtt-e, Am^(D^-bb^-^mmx\ m 40 

[0 17 8] |^«fCg]6 1 (B) ttl5 7 (B) <D. * 
fc06 1 (C) (11115 7 (C) OSE^b83ttfe-CfeSo 

161 (B) <o»-&ii^«6a5^3feWfflgo»&-c, ffiJHSP 



(2 5) 



[0 1 7 9] i6 1 (o <Dm&\&mm&&m$m<»m 
&x\ ffiffi&<DW.&m&M&<D^is\?—?>xm*. e 

®I£*£#J 1 2 <ofl|j$ 

[0 18 0] 15 2\tt$m<Omi 2MK«flfctt<5J«* 
[7^^ 2 5 0Oiffl«te/Tto 
!7-<;^^IMt5t, 15 3tc^-T*P< tCTfc 
£ 0 3 o<7)K?iJB8*fiS (R Sl , Rs 2 , R s 3 ) £: 
3 0^)f»fi^ (Rpi , Rp 2) Rp 3 ) 

en-ems 2\z.7F'tmmm'&<o& oKmutsti 

[0 18 1] :tLb0 6oO*i^Hf|Pl (9 0 

Mm) fflwfc^ .aowsegats (ioo») hm 

1 0 0*tf£ST'£>5 o 

[0182] m&m&m$* (r s 1 -r s 3 ) fi-r^r 

f^£ft£0>mffiJfJH}W (A s) ■e*>9, X s =4. 19 
/im-C*>5o X, 3fe5>JBB*fi« (Rpi -Rp 3 ) <£>J^ 
»]f;i. :tl«WH»Ap=4. 38/imi:Lrfc 

6 2 ^^i" 0 

[0 18 3] 15 2Wi6 2(7)^tCOV>T, >f V fc° 

*ffifi*fiSt)Hi:*^fc5o £E«S«fefi«:. 3 6 
0 hXe«L i Ta O3 SrfflV\ -e^±tC»tt* 

U3000 A^A 1 ^l^Ii/^- 



(18) 



f&mWl 0-126212 



33 



34 



[0184] 054^ m&2 5 l(iH5 3©7>f/^ 
2 5 0 (D%f&&7jk-t Q figig|2 5 2 #116 2^)«07>f 
/W^CO^tt^^-To Sfi^H»7^^ 2 5 0 

^tC^T, SiffiEIB (3) OTK^^Yp 
iX«atM*«»©*, MS$:10 0^P)8 0^:®^ 

i55t, H2 5 3T*/Tto H««fA«*#Sfc#£*L 

[0 18 5] RJt. 0 6 1 (A) (OS*?g^*ti-5IIJfi 

t^ffiWl 3] B6 3H 3|HIB«fc*S 
#tt$lS7^^2 6 0T*fc5 B :©#tt«B«7-f 

Dei (B) l:/TtM*Sl:I^^fct)©T' 

[0 18 6] rc^^t^^ffi&^^/W^ 2 6 0(i. 115 4 
i". 

BBMH14) 116 4(3, "4 SSiSfcllcfta* 



/WMi, 116 1 (C) {C^«^fe^S^VN^t>OT* 
[0 18 7] ^09M4*ffiSE7-f /U^ 2 7 0 154 

(Mkfli 5) W:«p^Si 5HJ(S«^*«9|itt* 

10 [0188] ®Hlfi«|C0«S 

[0 18 9] #ctc. *«M<7)#ft«5jcov^-cKM-f5. 

20 B6 5lCiIWBBfcffi^JI»^*n^n*aJB** (frs , 
frp) 2o<Z>9H4«ffitt*S«*:E«Ufc»-7-ffl 



Y P = 



Z s = 



g 



r :ffitt# 

x : yr^^y^ 

[0 19 1] olCfafe-tZb, g, b, r, xct) 
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